Clinical Material and Methods
From 1959 to 1992, a total of 1767 patients underwent vertebrobasilar aneurysm surgery at our institution. Because of our referral pattern, most of these patients were operated on 14 days or more following their last SAH and after the immediate effects of the hemorrhage had passed (Table 1 ). Since 1970,206 patients with ruptured vertebrobasilar aneurysms were operated T HE tiI?ing of surgery to~bliterate rupt~red intracramal aneurysms remams controverslaI. 1 -8 ,10-28 A recent controlled study suggested a slight benefit associated with early surgery; however, in that series posterior circulation aneurysms were excluded from analysis. 17 There is little recorded evidence of an advantage or disadvantage relating to early surgery for those uncommon aneurysms. 2 ,4.10,12,16,23,27.28 The International Cooperative Study on the Timing of Aneurysm Surgeryl3.14 found that the number of vertebrobasilar aneurysms reported was too small to form a basis for conclusions. In a recent study, high management mortality and morbidity rates were reported, even with a policy for early surgery, although the results were excellent with no surgical mortality in good-grade cases.
lIl
The relative rarity of aneurysms of the vertebrobasilar circulation prevents most neurosurgeons from gaining substantial experience with them, and therefore a policy of delayed surgical treatment is most common.10, 13, 14.17 It is unlikely that the experience at London, Ontario,4-7.lS-20 with 1767 vertebrobasilar aneurysms will be duplicated or that a controlled study on the timing of surgery of vertebrobasilar aneurysms, even multicenter-based, is possible. Therefore, we believe it is valuable to report our experience with 206 patients J. Neurosurg • Day 0 = day of subarachnoid hemorrhage. SCA~superior cerebellar artery.
t Classification according to Botterell, el aU on within 7 days following their last SAH (the day of SAH = Day 0); 96 of these cases were the subject of an earlier report. 20 The 457 patients with unruptured aneurysms or aneurysms that had ruptured more than 1 year before surgery were excluded from the series. We considered it proper, however, to include three patients who underwent acute endovascular surgery (one with an excellent outcome and two who died), as acute open surgery was considered in these cases. The baseline characteristics of the remaining 1246 patients are shown in Table 2 , in which the 206 early-surgery patients are compared with the 1040 patients operated on more than 7 days following their last SAH during the same time period. In the late-surgery group, one-third of the patients were operated on in the 2nd week after their last SAH and one-third in the 3rd week.
The aneurysms arose at the usual sites from vertebrobasilar or posterior cerebral arteries, with the basilar bifurcation being the most common. The distribution of vertebrobasilar aneurysms in the early-surgery group was very similar overall to our larger series (Tables 2  and 3) .
Aneurysm size was classified in the same manner as in previous reports: small « 12 mm in diameter), large (13-24 mm), and giant (> 25 mm). on repeat examination (Table 3 ). Patients with detectable neurological abnormalities who returned to work and to an unrestricted lifestyle were classified as "good." Patients with detectable neurological dysfunction who were unable to work or required some level of assistance in their daily living were categorized as "poor."
Results

Pre-or Intraoperative Factors
The overall results are related to grade at operation in Table 4 . All except one (treated endovascularly) of the Grade 5 patients died, and 70% of the Grade 4 patients were ultimately significantly disabled or dead. A good or excellent outcome was obtained in 82% of the Grade 1 and 2 patients, irrespective of the timing of surgery. Curiously, the worst results occurred in patients who underwent surgery on Day 2. The operative mortality rate was the same for all grades of patients whether they underwent surgery in the 1st week or the surgery was delayed.
Contrary to our earlier experience, patients with large aneurysms had a similar mortality rate to patients with giant sacs (Table 5 ). Slightly better results were obtained in younger patients « 50 years). None of the eight patients over 70 years of age died, but three had (Tables 3 and 11 ). Recurrent hemorrhage occurred in 41 of the patients. All aneurysms were saccular, 38 were large (one poor result and five deaths) and eight were giant (one poor result). Thirtypatients (6.8%), some part of the aneurysmal body or fundus was visualized (Table 7) . Reoperation and repositioning of the clip was carried out in four patients. Proximal vessel occlusion was performed when it proved to be impossible to directly clip the neck of the aneurysm in 19 patients (four patients with tourniquet).
Delayed ischemic neurological deficit as a consequence of documented vasospasm or reactive arterial narrowing was recognized in 13% of the patients. The onset of these ischemic symptoms ranged between 3 and 14 days following the last SAH.
A comparison of intra-and postoperative baseline characteristics in the 1246 patients with ruptured vertebrobasilar artery aneurysms can be seen in Table  8 . The results of treatment in the early-surgery group can be seen in relation to operative method ( Table 9) and time of operation within the 1st week post-SAH (Table 10) . a poor result ( Table 6 ). The number of patients with multiple hemorrhages was high in the early-surgery group (41 %); more than one bleed was one of the most compelling reasons to repair the aneurysm early. Nevertheless, 29% of these individuals with recent hemorrhage had a poor outcome as compared to 12% of patients with a single bleed. Communicating hydrocephalus, requiring cerebrospinal fluid diversion, was seen as frequently in the early-as in the late-surgery group. Surprisingly, the frequency of intraoperative rupture of the aneurysm was not different in the earlyand late-surgery groups; however, as one might expect, the outcome for patients who suffered inadvertent intraoperative aneurysm rupture was poor (29%) as compared to those whose aneurysm did not rupture (17%). Postoperative follow-up angiography was performed in all patients. Total obliteration was seen in 87.4% of the aneurysms; in 5.8% a small remnant of neck was seen but considered unimportant. In the remaining 14 six patients with basilar bifurcation aneurysms had additional aneurysms, seven of these were multiple vertebrobasilar aneurysms. Sixty-six patients were classified preoperatively as Grade 1, with five poor outcomes and two deaths; 31 were Grade 2, with three poor outcomes and three deaths; 11 were Grade 3 with two poor results and two deaths; and three were Grade 4 with one poor result and one death. One of two Grade 5 patients made a good recovery, the other died. Seventeen patients underwent surgery on the day of hemorrhage or the following day, 36 on Days 2 or 3, 420n Days 4 to 6, and 19 on Day 7. Of all intraoperative deaths, one-half occurred in the patients who underwent surgery on Days 2 to 3. In 15 patients with multiple aneurysms, a frontotemporal approach was used to clip aneurysms on the carotid circulation. Two patients received endovascular treatment; the remaining 95 were operated on via the subtemporal approach. A temporal lobe hematoma was removed from one Grade 5 patient. Division of the tentorium was necessary to gain exposure of a low-lying aneurysmal neck in 20 patients. Temporary clipping of the basilar artery was used in one-half of the cases. The neck of the aneurysm was directly clipped in 106 patients (Table 11 ). Direct clipping of the neck of the aneurysm was not possible in four patients because of size, rigid atherosclerotic neck, or important major vessels thought to be in jeopardy from the clip. These patients were treated with upper basilar artery occlusion (three with the tourniquet).
Complications due to technical factors were encountered in 28 patients (two major vessel occlusions, seven incomplete clipping, 12 intraoperative ruptures, and 10 perforator injuries) and accounted for six poor results and five deaths. Delayed ischemic deficit secondary to vasospasm occurred in 17 patients. In three patients, the primary cause of death was the impact of the initial or subsequent hemorrhage. The recovery of several patients was hampered by both technical complications and vasospasm. Five patients died due to vasospasm and surgical complications. Tragically, two deaths were related to postoperative clots. One patient died on Day 3 from rupture of a previously intact middle cerebral artery aneurysm.
Basilar Superior CerebellarArteryAneurysms. In 29
patients with aneurysms at the basilar superior cerebellar artery (Table 3) , there were 10 large aneurysms (with one poor outcome and two deaths) and five giant aneurysms (one poor outcome and one death). In three Grade 3 patients there was one death, and one Grade 4 patient had a poor outcome. The pterional approach was used in four cases, subtemporal craniotomy in five, and tic-craniectomy in 20. Two cases had basilar artery occlusion, and one distal aneurysm was trapped with an excellent result. Temporary clipping of the basilar artery was used in one-third of the patients. Six patients had intraoperative aneurysm rupture. Four aneurysms were incompletely obliterated. There were no deaths related to vasospasm in this group. One patient who was recovering after evacuation of a small postoperative subdural hematoma died from the rupture of the 646 S. J. Peerless, et ai.
residual one-third of the giant sac proximal to the clip. The other patient with postoperative subdural clot remained in poor condition. In two cases, death was related to intraoperative complications (aneurysm rupture and major vessel occlusion).
Basilar TrunkAneurysms.
Of nine patients with aneurysms of the basilar trunk (Table 3) , two arose at the origin of the anterior inferior cerebellar artery and the remaining seven were related to small branches of the basilar artery. Both patients with anterior inferior cerebellar artery aneurysms made excellent recoveries. In four patients with giant aneurysms, two had good outcomes and two died. Two Grade 5 patients were deeply unconscious following their first hemorrhage and both died. Of two Grade 3 patients, one died and one had a good outcome. Six aneurysms were approached subtemporally (two with additional transmastoid exposure), two suboccipitally, and one with an endovascular technique alone. Four patients had basilar artery occlusion (one with a tourniquet and three using a clip). The aneurysm was totally occluded except in those treated with a tourniquet and an endovascular technique.
Vertebrobasilar lunctionAneurysms.
In 11 of 14 patients with aneurysms arising at the vertebrobasilar junction, a fenestration of the basilar artery associated with the aneurysm was noted. One patient was classified preoperatively as Grade 3 and three were Grade 4. The necks of all aneurysms except a single giant one, in which vertebral ligation with a Selverstone clamp obliterated the main part of the fundus, were ligated with a clip. Ten aneurysms were completely obliterated and three almost completely. The one patient with a giant aneurysm had an excellent outcome. The only death occurred in a patient who sustained four hemorrhages and was classified as Grade 4 at the time of operation. This patient developed vasospasm 2 days after the last hemorrhage and died of widespread cerebral infarction.
Vertebral Aneurysms. Of 31 patients with vertebral aneurysms (Table 3) , 37 were saccular and four were dissecting aneurysms. Three aneurysms were large, and two were giant. This group included the greatest number of patients with multiple hemorrhages (65%). Six patients were treated with proximal vertebral ligation, including all of the dissecting aneurysms. The necks of all other aneurysms were clipped. All aneurysms except two were totally occluded: one had a small remaining neck and one giant aneurysm treated by proximal vertebral ligation filled partially from the contralateral vertebral artery. Fourteen patients had postoperative low cranial nerve dysfunction: in six patients these disabling palsies were persistent. One death occurred due to repeat hemorrhage and one due in part to vasospasm (this patient also had a subdural hematoma). Seven patients developed hydrocephalus and required a shunt, accounting for one-third of the shunts in the whole early-surgery group. Three large and two giant aneurysms were operated on without mortality, but one patient with a giant aneurysm had a poor outcome with severe hemiparesis. Of three patients pre- operatively in Grade 4, one died and one remained severely disabled. The remaining three poor results were seen in Grade 2 patients: one with the giant aneurysm with proximal vertebral artery ligation already mentioned, one 70-year-old woman with a huge clot from hemorrhage into a Dandy-Walker cyst requiring permanent tracheostomy who remained disabled with ataxia and a feeding jejunostomy, and a 68-year-old woman with perioperative aneurysm rupture and postoperative vasospasm; she died from a pulmonary embolus 24 months after operation and 2 days after discharge.
Posterior Cerebral Artery Aneurysms. Posterior cerebral artery aneurysms were found in 10 patients (Table 3) . Six had clip occlusion of the aneurysm, one had proximal posterior cerebral artery occlusion, and one aneurysm was trapped. One patient died; the others had excellent or good results. The subtemporal approach was used in eight patients (three by small ticcraniectomies). The frontotemporal approach was used to expose an aneurysm located high above the posterior clinoid aneurysms of the PI segment and one located at the P 1 -P 2 segments, associated with a middle cerebral artery aneurysm. The only death occurred in a patient with a large aneurysm and who was classified preoperatively as Grade 5.
Discussion
Early surgery for posterior circulation aneurysms was attempted by the senior author in some of the earliest cases. Two of the first four patients died, one from cardiac arrest following poorly controlled hypotension and hypothermia. 4 --{i Since that time, and after operating on more than 1750 patients with aneurysms arising from the vertebral and basilar arteries in our unit, the pre-and postoperative care, the techniques of neuroradiology, anesthesia, and surgery, and the recognition and management of complications of SAH have become well established and quite routine. 4-7.18-20,24 Overall, more than 80% of these patients have achieved excellent or good results, and the surgical mortality for the whole group is 6.5%. Even so, we continue to be concerned by a combined morbidity and mortality rate of 15% and are continually haunted by the deterioration and often death of patients because of recurrent hemorrhage occurring before the aneurysm can be secured. Second or third hemorrhage almost always resulted in a worse grade and a worse outcome. The posterior fossa aneurysms seem to rebleed easily and more of these were fatal (48% to 83%): one point in favor of acute surgery. 10, 26 As a result of the rarity of these aneurysms, combined with limited surgical experience and technical difficulties in treating them, there has been a general trend, supported by our previous publications, to delay surgery for those aneurysms arising from the posterior circulation. I ,7,11,12.16,23.28 We have compared the results of early operation in patients with aneurysms arising from the anterior circulation to those in patients with aneurysms arising from the posterior circulation. 20 The results are equally good in patients graded 1 or 2 at the time of surgery and equally poor in those graded 3 or 4 according to the Botterell scale. 2 Thus, in our hands, the condition of the patient going into the operating room would appear to be the most powerful determinant of outcome. It has been suggested that vasospasm is less common following rupture of aneurysms of the posterior circulation. It has also been suggested that early operation may increase the incidence of vasospasm by some unknown effect of the surgical manipulation or anesthetic carried out at a time when the vessel's reactivity is most vulnerable. Conversely, it has been hoped that the incidence of vasospasm might be reduced by the evacuation of clot and bloody cerebrospinal fluid at the time of surgical intervention. Our experience does not support any of these notions. The frequency of vasospasm was significantly lower in the late-surgery group. In most of these cases, however, surgery was performed outside the usual time limits of occurrence of clinical spasm (Fig. 1) . The most important predictor of vasospasm has been the CT documentation of subarachnoid clot. 9, 20 648 Isolation of the thin sac of an aneurysm by surgical obliteration of the neck to prevent rebleeding is the ultimate goal in the operative treatment of intracranial aneurysms. If the sac is of large or giant size, the technical complexity of the surgical repair is markedly increased. Neck clipping is always difficult and may be impossible. The proximal or Hunterian ligation of the parent artery in these circumstances is an effective and usually safe alternative method of treatment in those patients coming electively to surgery. 4-7.19,20,24 Proximal vessel ligation was attempted in 18 patients in the acute stage, with five deaths. These disappointing results in a few patients with complex lesions have made us cautious about attempting proximal vessel ligation in the week immediately following acute SAR.
In our hands, early surgery for vertebrobasilar aneurysms yielded results similar to early surgery for aneurysms of the anterior circulation, and they are not dissimilar to the results achieved in delayed operation of vertebrobasilar aneurysms in our unit. It is clear that early surgery, with the aneurysm appropriately clipped, will dramatically reduce the risk of rebleeding. Vasospasm is no more common, no less amenable to therapy, and no more severe in patients who have been operated on early than in those receiving delayed surgical treatment. Volume expansion and elevation of blood pressure are safer after the aneurysm has been surgically obliterated. Although early surgery more frequently presents a brain that is more swollen and tight with a confining exposure, the use of lumbar spinal fluid drainage, controlled ventilation, and osmotic diuretics has made exposure possible. Dissection of the aneurysm itself with removal of surrounding fresh clot, identification of the neck, and separation of perforators, although somewhat more tedious in the acute case, is not significantly more difficult or more hazardous. The early or late timing of surgery did not cause intraoperative aneurysm rupture to be more frequent or more difficult to control.
We recommend early surgery in those patients who J, Neurosurg. I Volume 80 I April, 1994 are given a good preoperative grade (Botterell Grade 1 to 2 or a Hunt and Hess Grade I to III2,1l), whose aneurysm does not present a particular technical difficulty because of size, configuration, or location, and occasionally in patients whose lives appear to be in jeopardy because of recurrent hemorrhage. However, review of this series makes us hesitant to recommend early surgery for aneurysms arising from the basilar trunk.
The most important factor in the timing of surgery in a patient with a good preoperative grade is the availability of an experienced, alert surgical team. It is well shown by this series that results improve with experience. Patients with basilar bifurcation aneurysms, once held to be the most difficult aneurysms to treat, had results comparable to those achieved in patients with aneurysms at other locations, whether in the anterior or posterior circulation. Centralizing the care of these challenging lesions in a few experienced hands with adequate surgical experience may be a tool for improved patient outcome. In spite of improvements in surgical techniques, we are far away from ideal results. Because there are now means to detect aneurysms before they rupture, there is progress toward the best timing of aneurysm surgery: operation before rupture. This will improve the management results more than any technical innovation.
